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(54) Current collection through the ends of a spirally wound electrochemical cell 



(57) An electrochemical cell, including a jelly-roll 
type electrode stack (2), and a method for making such 
cell. The electrochemical cell includes folded electrode 
(4) portions (12) which form a plane (1) recessed from 
the end of the electrode stack (2). The folded electrode 
portions (12) are preferably formed by making pairs of 
slits (10) in the electrode end (6) and bending over the 



electrode portions between each pair of slits (10). The 
recessed plane (18) forms a large area to which a cur- 
rent collection tab (8) is subsequently connected. A 
coating may be applied to the folded portions (1 2) of the 
electrode (4) to further increase the contact area with 
the current collection tab by eliminating the slight varia- 
tions in the recessed plane (18) which are due to the 
overlap of the folded electrode portions (12). 




Printed by Jouve, 75001 PARIS (FR) 



1 



EP 0 955 682 A1 



2 



Description 

BACKGROUND OF THE INVENTION 

[0001] In general, this invention is directed to an elec- 
trochemical cell exhibiting improved current collection 
capability, and a method of making such an electro- 
chemical cell. In one instance the electrochemical cell 
is a spirally wound cell, but the cell can be of any variety. 
[0002] In atypical spirally wound electrochemical cell, 
a first conductive layer and a second conductive layer 
are separated by insulation. The conductive layers are 
offset from one another, so that the first conductive layer 
extends beyond the insulation and the second conduc- 
tive layer in one direction. The second conductive layer 
extends beyond the insulation and the first conductive 
layer in an opposite direction. The layers are then rolled 
together to form a jelly-roll style electrode stack wherein 
the first conductive layer forms a positive electrode at 
one end of the stack, and the second conductive layer 
forms a negative electrode at a second end of the stack 
opposite the stack first end. 

[0003] A first spiral space is defined in the first end of 
the jelly-roll by the portion of the first conductive sheet 
which is not layered with either insulation or the second 
conductive sheet. A second spiral space is defined in 
the second end of the jelly-roll by the portion of the sec- 
ond conductive sheet which is not layered with either 
insulation or the first conductive sheet. The positive and 
negative electrodes are then connected to terminals of 
a fluid tight casing for use as a battery. Before the casing 
is sealed shut, an electrolyte is put into the casing sur- 
rounding the electrodes. The electrolyte aids in the de- 
velopment of an electric potential difference between 
the electrodes in the cell. 

[0004] In the typical electrochemical cell, the elec- 
trodes are connected to the terminals of the battery by 
connection portions extending from the electrode sheet 
itself, or by tap straps. Another method of connection is 
to edge weld the connection portions to the spiral end 
of the electrodes. These methods, however, suffer the 
problem of only being capable of carrying a limited 
amount of current from the cell. The tabs do not connect 
to a sufficient area of the electrode to carry larger cur- 
rents associated with bigger batteries. Moreover, weld- 
ing additional connection portions presents problems in 
manufacture of the batteries, such as limiting the area 
by which electrolyte can be introduced into the elec- 
trode, and increasing the cost as well as production time 
for the battery. 

SUMMARY OF THE INVENTION 

[0005] One object of the invention is to improve the 
current collection capacity from an electrochemical cell 
by overcoming the problems associated with the 
present current collection methods. 
[0006] Another object of the invention is to improve 



the current collection capacity from an electrochemical 
cell by providing an improved method of attaching a cur- 
rent collection tab to an electrode, which may be a spi- 
rally wound electrode. The invention also includes an 
s electrochemical cell having one or more current collec- 
tion tabs attached thereto in such a manner as to in- 
crease the current collected from the cell. 
[0007] Yet another object of the present invention is 
to improve the current collection capacity from an elec- 
10 trochemical cell by providing increased contact area be- 
tween a current collection tab and an electrode, includ- 
ing a spirally wound electrode. By increasing the contact 
area between each contact tab and the electrode, fewer 
contact tabs are necessary which thus leaves sufficient 
15 space on the electrode for introduction of electrolyte. 
[0008] The present invention achieves these and oth- 
er objects by slitting selected portions of the electrode 
that are not covered by insulation. Slits are made in the 
end of the electrode stack and extend down through the 
20 electrode in a direction parallel to the electrode stack 
longitudinal axis, and in a radial direction from the pe- 
riphery of the electrode stack towards the longitudinal 
axis. The slits maybe either parallel to one another, con- 
verge, or diverge. The slits do not extend the entire 
25 length of the electrode portion which is uncovered by 
insulation. The slits define a tab connection portion of 
the spirally wound electrode therebetween which is sub- 
sequently folded over so that the sections of the elec- 
trode extend in a radial direction. The folded portions of 
30 the electrode can extend substantially perpendicular to 
the longitudinal axis of the electrode. The folded por- 
tions of the electrode may extend from their bend toward 
the longitudinal axis, that is in an inward direction. Alter- 
natively, the folded portions can extend from their bend 
55 in a direction away from the longitudinal axis, i.e., in an 
outward direction. In either case, the folded portions of 
the electrode extend in a radial direction and can be sub- 
stantially perpendicular to the longitudinal axis. 
[0009] The folded portions of the electrode define a 
40 contact tab connection portion. Each electrochemical 
cell electrode can have one or more contact tab connec- 
tion portions. Each contact tab connection portion in- 
cludes a plane which is recessed from the end plane of 
the electrode stack. The plane of the contact tab con- 
45 nection portion can be substantially parallel to the end 
plane of the electrode stack, but can also form an angle 
therewith. The folded portions may be covered by a con- 
ductive material in order to provide a flatter surface to 
which the contact tab is connected. For example, ather- 
50 mally sprayed coating of conductive material that is 
compatible with the material of the electrode can be 
sprayed onto the folded portions before the contact tab 
is attached. 

[0010] A contact tab, of conductive material, is con- 
55 nected to each connection portion by any suitable meth- 
od. The contact tab can be made either of the same or 
different material than the electrode to which it is at- 
tached. The contact tab should have a geometry and 
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dimensions compatible with the electric current to be 
collected from the respective cell. 
[0011] One suitable method for connecting the con- 
tact tab to the connection portion is welding, for example 
sonic welding or laser welding. However, laser welding 
Is preferred. Proper precautions are taken so that the 
temperature of the electrode stack can be controlled to 
prevent the insulation from being heated beyond its 
melting point. Further, high electric conductivity is 
achieved between the current collection tab and the 
electrode while minimizing the internal resistance drop 
between the electrodes, i.e., shorts between the positive 
and negative electrodes are minimized. When a con- 
ductive coating is applied to the folded portions of the 
electrode, the current collection tab is welded directly to 
the conductive coating. The coating layer creates aflat 
surface with controlled height. This helps to fix the weld- 
ing process parameters, speed up the welding process, 
and improve the quality of the weld. 
[0012] Further, in the case of a spirally wound elec- 
trode, the invention can include a hollow thin walled 
mandrel around which the conductive sheets and insu- 
lation are wound to form the jelly-roll. This construction 
results in a tubular cell having a hollow core. The diam- 
eter of the hollow mandrel is selected according to the 
winding, thermal, and fabrication considerations of the 
cell. The hollow mandrel can then be welded to top and 
bottom covers of the cell casing, which act as thermal 
links between the outer case of the cell and the electrode 
stack. The hollow core design improves the dissipation 
of heat generated along the central core of the cell. The 
relatively large radius of the tubular cell minimizes the 
cracking of any coated layers on the electrodes of the 
jelly-roll. 

[001 3] Additionally, the hollow mandrel can have lon- 
gitudinal grooves on its outer surface, i.e., the surface 
on which the jelly-roll Is wound. The longitudinal grooves 
on the outer surface of the tube help to properly evacu- 
ate and fill the cell during the electrolyte filling process. 
[0014] The electrochemical cell of the present inven- 
tion may be, but is not limited to, a rechargeable lithium- 
ion cell of either the standard or scaled up high power 
type. The substrate material for the positive and nega- 
tive electrodes can be any suitable material. For exam- 
ple, in a lithium-ion cell the positive electrode is made 
of aluminum and the negative electrode of copper. The 
current collection tabs are made of a material that is 
compatible with that of the respective electrode. For ex- 
ample, in a lithium-ion cell, an aluminum current collec- 
tion tab would be used with the aluminum electrode 
whereas a copper or nickel current collection tab would 
be used with the copper electrode. 
[0015] The method of the present invention may be 
used in manufacturing other types of cells including, but 
not limited to, nickel metal hydride cells and nickel cad- 
mium cells. Also, the method of the present invention 
can be used on electrode stacks which are not spirally 
wound. Further, the method of the present invention can 



be practiced on any size of cell, but is particularly useful 
in manufacturing cells for electric vehicles. 
[001 6] The foregoing objects of the present invention, 
together with the features and advantages thereof, will 
s be made apparent from the following description, in 
which like reference characters designate the same or 
similar parts throughout the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0017] Figure 1 isanendviewof a spirally wound jelly- 
roll electrode stack having current collection tabs con- 
nected thereto. 

[0018] Figure 2 is a partially cut away side view of a 
15 spirally wound jelly-roll electrode stack having current 
collection tabs connected thereto. 
[001 9] Figure 3 is a blown up view of a current collec- 
tion tab and the end portion of an electrode stack, show- 
ing the connection therebetween. 
20 [0020] Figure 4 is a plan view of a second type of elec- 
trode stack to which the method of the present invention 
is applied. 

[0021] Figure 5 is a partially cut away end view of the 
second type of electrode stack. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] The present invention includes both an elec- 
trode stack having improved current collection charac- 
30 teristics, and a method for making an electrochemical 
cell having improved current collection from its electrode 
stack. First, the electrode stack 2 of an electrochemical 
cell of the present invention will be described. Subse- 
quently, a method for making such an electrochemical 
55 cell will be set forth. 

[0023] A first embodiment of an electrochemical cell 
of the present invention includes a jelly-roll type elec- 
trode stack 2. The jelly-roll electrode stack 2 includes a 
first electrode 4 and a second electrode (not shown) 
40 separated by insulation. The electrodes extend from op- 
posite sides of the jelly-roll stack. The electrode ends 
as well as their connection to the current collection tabs 
8 are similar, and therefore only one end of the electrode 
stack will be described. 
45 [0024] Figure 1 shows one end 6 of a spirally wound 
electrode which forms a part of a jelly-roll electrode 
stack 2. The electrode stack 2 has current collection 
tabs 8 attached thereto by welds 20, however, any suit- 
able means can be used to attach the current collection 
50 tabs. The welds 20 can be made, for example, by spot 
welding with a sonic or laser welder but are preferably 
made by laser welding. The current collection tabs 8 are 
connected to a connection portion of the electrode stack 
which is recessed below the electrode stack end 6. The 
55 electrode stack end lies in a plane 16. Tabs 8 are con- 
nected to the electrode stack in a plane 1 8 which is clos- 
er to the middle of the electrode stack than is the plane 
16. The tabs 8 can extend at any angle to the electrode 
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stack longitudinal axis 26 but are preferably substantial- 
ly perpendicular thereto. Although four tabs are shown 
in Figure 1 , any number of tabs can be employed. The 
number of tabs on the second end of the electrode stack 
can be the same as, or different from, the number of tabs 
on the first end of the electrode stack. 
[0025] Figure 3 shows, in a blown up manner, the area 
of connection between the electrode 4 and a current col- 
lection tab 8. As seen in Figure 3, the ends of electrode 
4 are folded over so that they form an increased area 
for connection to the tab 8. The folded portions 1 2 of the 
electrode end extend in the radial direction of the elec- 
trode stack and are formed so that the bend 11 in the 
electrode is farther from the electrode longitudinal axis 
26 than is the electrode end 1 3. Alternatively, the folded 
portions 12 can be formed so that the bend 11 in the 
electrode is closer to the electrode longitudinal axis 26 
than is the electrode end 13. In either case, the folded 
portions 1 2 form a plane 18 for connection of the tab 8. 
The plane 18, as described above, is recessed toward 
the interior of the cell from the end plane 16 of the elec- 
trode stack. 

[0026] By providing the electrochemical cell with fold- 
ed portions 12, a large surface area is formed from 
which current can be collected. In atypical electrochem- 
ical cell, a tab portion is connected to only the very edge 
portion of the wound electrode. In contrast, the present 
invention provides a connection to an increased area of 
the electrode 4. To further increase the contact area be- 
tween the electrode and the contact tab, a coating can 
be provided on the folded portions 12 of the electrode 
4. The coating provides a flat area for connection of the 
current collection tab 8 by filling in the slightly uneven 
surface formed by the overlap of the folded portions 1 2. 
The coating is made of a conductive material that is 
compatible with that of the electrode on which it is de- 
posited, and with that of the current collection tab to 
which it is attached. 

[0027] The electrochemical cell of the present inven- 
tion can include a mandrel 22 around which the elec- 
trodes and insulation of the cell are wound to form the 
jelly-roll electrode stack. The mandrel 22 provides the 
cell with a hollow core 24 which assists in both heat dis- 
sipation and introduction of electrolyte. 
[0028] Heat is generated by the process of attaching 
the tabs 8 to the electrode stack end 6, and also during 
operation of the battery. If heat builds up within the bat- 
tery raising its temperature up to or beyond the melting 
point of the insulating material, then shorts can occur 
within the battery. Shorts between the electrodes due to 
melted insulation can decrease the output capacity of 
the battery or even make it inoperable. 
[0029] The mandrel can include longitudinal slits 
through the outer surface thereof. The slits aid in the 
evacuation of the battery in preparation for the introduc- 
tion of electrolyte. The slits also aid in the introduction 
of electrolyte into the spiral spaces formed by the portion 
of each electrode which extends from each end of the 



jelly- roll stack. 

[0030] The method of connecting a contact tab to an 
electrode extending from the end of a stack will now be 
described. The method is useful in connecting current 
s collection tabs to the ends of a jelly-roll style electrode 
stack, but can be used on other types of electrode stacks 
as welL for example a rectangular electrode stack as 
shown in Figures 4-5. However, the method will be de- 
scribed in conjunction with a jelly-roll type electrode 
stack with the understanding that one of ordinary skill in 
the art would readily envisage how to use the method 
on differently shaped electrode stacks. 
[0031] An electrode stack 2 is formed so that one elec- 
trode 4 extends from one end of the jelly-roll to form an 
end 6, and a second electrode extends from the other 
end of the jelly-roll. A slit 10 is then made in the end of 
one electrode, on the portion thereof which is not cov- 
ered by insulation orthe other electrode, so as to extend 
from the end of the electrode stack 6 towards the oppo- 
site end of the stack and so as to extend in a radial di- 
rection across the end of the electrode. Subsequently 
another slit 10 is made near the first slit so as to form a 
pair of slits. This part of the process is repeated to form 
a pair of slits for each desired current collection tab. 
[0032] Each slit 10 is shown as substantially parallel 
to the other slit of the pair, but such configuration is not 
necessary. The slits 10 of a pair can either converge or 
diverge as they extend from the outer periphery of the 
electrode stack towards the longitudinal axis 26. How- 
ever, it is preferred to form the slits of each pair as sub- 
stantially parallel to one another and spaced at a dis- 
tance approximately equal to or slightly larger than the 
width of the current collection tab. By matching the dis- 
tance between the slits 10 of a pair to the width of the 
tab 8, or slightly larger, a sufficient contact area is 
formed while leaving the rest of the electrode end un- 
modified for readily accepting electrolyte. The slits 10 
can be made one at a time, simultaneously, or by any 
combination of simultaneous and sequential formation. 
[0033] Each pair of slits defines a portion of the elec- 
trode 4 which is then bent down so as to form a plane 
1 8 that is recessed from the plane 1 6 which contains the 
end of the electrode stack 6. The plane 18 is shown as 
substantially perpendicular to the longitudinal axis 26 of 
the cell, but can be formed at any angle thereto. To form 
the plane 16 at an angle to the longitudinal axis 26, the 
slits in the electrode end are made deeper at one radial 
location than another. For example, the slits could be 
deeper near the center of the electrode stack and grad- 
ually become shallower as they extend to the outer pe- 
riphery of the electrode stack. Alternatively the slits can 
be deeper near the outer periphery and shallower near 
the center of the electrode stack. 
[0034] The folded portions 1 2 of the electrode can be 
formed so that the bend 11 in the electrode is closer to 
the longitudinal axis 26 of the electrode stack than is the 
end 1 3 of the electrode. Alternatively the folded portions 
12 of the electrode can be formed so that the bend 11 
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in the electrode is farther from the longitudinal axis 26 
of the electrode stack than is the end 1 3 of the electrode. 
[0035] Then, once the plane 18 is formed, a current 
collection tab 8 is attached thereto by laser spot welding. 
A welding electrode 28 is used to form the spot welds 
20 which attach the tab 8 to the folded portions 1 2 of the 
electrode 4 which lie in plane 18. Alternative methods 
of attaching the current collection tabs can be used, 
such as sonic welding. 

[0036] To increase the contact area between a tab 8 

and the folded portions 12 of the electrode, a coating 
can be deposited onto the plane 18. The coating serves 
to smooth out the slightly uneven surface formed by the 
overlap In the folded portions 12. The coating is made 
of conductive particles which are compatible with the 
material from which the electrode and the current col- 
lection tab are made. The coating can be applied by any 
suitable method, but a thermal spray process is pre- 
ferred. 

[0037] The process for connection is then repeated 

for the other end of the jelly-roll to connect current col- 
lection tabs to the second electrode. Alternatively, the 
process can be carried out on each end of the jelly-roll 
simultaneously. 

[0038] An alternative configuration of electrode stack 

is shown in Figures 4-5. In Figure 4, the electrode stack 
2 is rectangular, and is inserted into can or housing 32 
which is then filled with electrolyte. The can 32 contains 
dividers 30 which prevent the long sides of the can from 
deforming thus permitting better control of the stack 
pressure during temperature cycling. Also, the dividers 
aid in maintaining the integrity of the can when it is filled 
with electrolyte at a high pressure. 
[0039] In the rectangular configuration, the tabs 8 
should be welded to the electrodes after they have been 
placed within the can 32. Welding the contact tabs after 
the electrode stack 2 is in the can 32 prevents the shift- 
ing of the plates in the stack, which facilitates fabrication 
of the electrochemical cell. Shifting of the plates is also 
prevented by minimizing the number of plates. Making 
the electrodes as long as the case height permits the 
minimum number of plates as well as permits the weld- 
ing of the contact tabs after the electrodes are in the can. 
[0040] The slits 1 0 in the electrode ends can be made 
to any depth as long as they do not contact the insulating 
material or the interior end of the other electrode. As 
shown in connection with the rectangular electrode 
stack 2, the slits in the electrode end are formed so that 
the plane formed by folded portions 12 is only slightly 
below the plane 1 6 which contains the end of the elec- 
trode stacks. With such a configuration, the contact tabs 
8 are allowed to protrude above the plane 16. 
[0041] The foregoing description is merely exemplary 
and is not to be construed in a limiting sense. Modifica- 
tions will be readily apparent to those of ordinary skill in 
the art, and are considered to be within the scope of the 
invention, which is to be limited only by the following 
claims. 



Claims 

1. In an electrochemical cell which includes an elec- 
trode stack (2) comprised of alternating conductive 
s and insulating layers, said conductive and insulat- 
ing layers extending in a first direction, wherein at 
least a first layer extends in said first direction from 
a first end (6) of said stack (2), the improvement 
comprising: 

10 a tab connection portion comprising at least a 

section of said first layer which is folded so as to 
extend in a direction substantially transverse to said 
first direction. 

15 2. The electrochemical cell according to claim 1, 
wherein said electrode stack (2) comprises a jelly- 
roll type electrode stack having a longitudinal axis 
(26), said jelly roll stack comprising said conductive 
and insulating layers wherein said first layer com- 
20 prises a spiral electrode at a first end (6) of the stack 
(2), said tab connection portion including portions 
of first spiral electrode that are folded so as to ex- 
tend in a radial direction. 

25 3. The electrochemical cell according to claim 2, 
wherein said section that is folded extends in a di- 
rection substantially perpendicular to said longitu- 
dinal axis (26). 

30 4. The electrochemical cell according to claim 2, fur- 
ther comprising a pair of slits (1 0) in said first spiral, 
wherein said tab connection portion is located be- 
tween said slits. 



55 5. An electrochemical cell comprising: 

a first conductive sheet having a first end and 
a second end opposite to said first end; 
insulation adjacent to said first conductive 

40 sheet so that said second end of said first con- 

ductive sheet is uncovered by said insulation; 
a second conductive sheet having a first end, 
and a second end opposite to said first end of 
said second conductive sheet, wherein said 

45 second conductive sheet is adjacent said insu- 

lation so that said second end of said second 
conductive sheet is uncovered by said insula- 
tion and extends beyond said first end of said 
first conductive sheet; 

50 a tab connection portion, wherein said tab con- 

nection portion includes at least one first con- 
ductive sheet section that is folded so as to ex- 
tend across said insulation toward said second 
conductive sheet. 

55 

6. The electrochemical cell according to claim 5, 
wherein said first conductive sheet, said insulation 
and said second conductive sheet are rolled togeth- 
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er to form a jelly-roll stack (2) having a longitudinal 
axis (26) such that said second end of said first con- 
ductive sheet fornns a first spiral space, and said at 
least one first conductive sheet section extends 
across a portion of said first spiral space. 

7. The electrochemical cell according to claim 6, 
wherein said second end of said second conductive 
sheet forms a second spiral space. 

8. The electrochemical cell according to one of the 
claims 6 or 7, further comprising a pair of slits (10) 
in said first spiral, wherein said tab connection por- 
tion is located between said slits (10). 

9. The electrochemical cell according to claim 8, 
wherein the slits (10) which form said pair of slits 
are substantially parallel. 

10. The electrochemical cell according to one of the 

claims 6 to 9, wherein said tab connection portion 
lies substantially in a plane (18) below said second 
end of said first conductive sheet. 

11. The electrochemical cell according to one of the 
claims 6 to 10, wherein each folded first conductive 
sheet section extends from a bend (11) towards the 
longitudinal axis (26) of the stack (2). 

12. The electrochemical cell according to one of the 
claims 6 to 11, further comprising a conductive tab 
(8), wherein said conductive tab (8) is connected to 
said tab connection portion. 

13. The electrochemical cell according to claim 12, 
wherein said conductive tab (8) is connected to said 
tab connection portion by a weld joint (20). 

14. The electrochemical cell according to one of the 
claims 12 or 13, wherein said conductive tab (8) is 
made of the same material as said first conductive 
sheet. 

15. The electrochemical cell according to one of the 
claims 6 to 14, further comprising a plurality of tab 
connection portions comprised of first conductive 
sheet sections that are folded so as to extend 
across a portion of said first spiral space. 

16. The electrochemical cell according to claim 1 5 fur- 
ther comprising a plurality of pairs of slits (1 0) in said 
second end of said first conductive sheet, wherein 
a tab connection portion is located between each 
pair of slits. 

17. The electrochemical cell according to claim 15, fur- 
ther comprising a conductive tab (8) connected to 
each tab connection portion. 



18. The electrochemical cell according to one of the 
claims 1 5 to 1 7, further comprising a plurality of tab 
connection portions on said second end of said sec- 
ond conductive sheet. 

5 

19. The electrochemical cell according to claim 18, 
wherein the number of tab connection portions on 
said second end of said first conductive sheet is 
equal to the number of tab connection portions on 

10 said second end of said second conductive sheet. 

20. The electrochemical cell according to one of the 
claims 6 to 1 9, further comprising a hollow mandrel 
(22) at the center of the jelly-roll stack (2) around 

15 which said first conductive sheet, second conduc- 
tive sheet, and said insulation are wound. 

21. The electrochemical cell according to one of the 
claims 6 to 20, further comprising a conductive coat- 

20 ing on said tab connection portion. 

22. The electrochemical cell according to claim 21, 
wherein said conductive coating is a thermally 
sprayed conductive coating. 

25 

23. The electrochemical cell according to one of the 
claims 21 or 22, further comprising a conductive tab 
(8) connected to said conductive coating. 

30 24. The electrochemical cell according to one of the 
claims 6 to 23, further comprising a second end tab 
connection portion, on said second conductive 
sheet, wherein said second end tab connection por- 
tion includes at least one second conductive sheet 

35 section that is folded so as to extend across a por- 
tion of said second spiral space. 

25. The electrochemical cell according to claim 24, fur- 
ther comprising a pair of slits in the second end of 

40 said second conductive sheet, wherein said second 
end tab connection portion is located between said 
pair of slits. 

26. A method of making an electrochemical cell com- 
45 prising the steps of: 

providing an electrode stack (2) which includes 
a first electrode extending from one end of the 
stack (2), a second electrode extending from an 

50 opposite end of the stack, and a longitudinal ax- 

is (26) between said ends of the stack; 
folding at least one section of the first electrode 
so that it extends in a direction at an angle to 
the longitudinal axis to form a tab connection 

55 portion. 

27. The method of according to claim 26, further com- 
prising the step of connecting a current collection 
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tab (8) to the tab connection portion. 

28. The method according to one of the claims 26 or 
27, further comprising the step of forming a conduc- 
tive coating on the tab connection portion. 

29. The method according to claim 28, wherein said 
conductive coating is a thermally sprayed coating. 

30. The method according to one of the claims 28 or 

29, wherein said conductive coating has a surface 
contour on a lower surface thereof conforming to a 
surface of said tab connection portion. 

31 . The method according to one of the claims 28 to 30, 
further including the steps of thermally spraying a 
coating of conductive material over said current col- 
lection tab. 

32. The method according to one of the claims 26 to 31 , 
wherein said step of folding at least one section of 
the first electrode includes folding a plurality of sec- 
tions of said first electrode to form a tab connection 
portion. 

33. The method according to one of the claims 26 to 32, 
further including making a pair of slits (10) in the first 
electrode, and said step of folding at least one sec- 
tion of the first electrode includes folding at least 
one section of the first electrode between said pair 
of slits (10). 



providing an electrode stack (2) which includes 
a first electrode having a first end, and a second 
electrode; 

folding at least one section of the first electrode 
s so that it extends below the first end of the first 

electrode to form a tab connection portion. 

39. The method according to claim 38, further compris- 
ing making a pair of slits (10) in the first end of the 
10 first electrode, and said step of folding at least one 
section of the first electrode includes folding at least 
one section of the first electrode between said pair 
of slits (10) . 



34. The method according to claim 33, wherein said 
step of making a pair of slits includes making a pair 

of slits (1 0) which are substantially parallel. 35 

35. The method according to one of the claims 26 to 34, 
wherein said step of folding at least one section of 
the first electrode includes folding at least one sec- 
tion of the first electrode so that it extends from a 40 
bend (11) toward the longitudinal axis (26). 

36. The method according to one of the claims 26 to 35, 
further comprising the steps of: 

folding at least one section of the second elec- 45 
trode so that it extends in a direction at an angle to 
the longitudinal axis to form a tab connection por- 
tion. 



37. The method according to claim 36, further compris- 50 
ing making a pair of slits in said second electrode, 
and said step of folding at least one section of the 
second electrode includes folding at least one sec- 
tion of the first electrode between said pair of slits. 

55 

38. A method of making an electrochemical cell com- 
prising the steps of: 



7 



EP 0 955 682 A1 




8 



EP 0 955 682 A1 




9 



EP 0 955 682 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 40 1081 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document wilh indication, where appropriate, 
of relstfant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



DE 21 27 823 A (ACCUMULATEURS FIXES, 

ROMAINVILLE, FR) 

30 December 1971 (1971-12-30) 



* page 5, 1 ine 13 - 

* page 9, 1 ine 17 - 

* figures 1,4 * 



page 6, line 25 * 
page 10, line 10 * 



US 5 736 270 A (FUJIWARA NOBUHIRO ET AL. 
KANAGAWA, JP ) 7 April 1998 (1998-04-07) 



* column 3, line 6 

* figures 4,5 * 



column 4, line 25 * 



The present search report has been drawn up for all ci.nr 



Place ol search 

THE HAGUE 



Dale of conipleiion i-it in*; Si-jroi 

17 August 1999 



1-3,5-7, 
20,24, 
26,27, 
35,36,38 



11-13, 
15,17, 
32,39 

1-3,5-7, 

11.15, 

20,24, 

26,32, 

33,35, 

36,38,39 



H01M2/26 



TECHNICAL FIELDS 
SEARCHED <lnt.CI.6> 



HOIM 



Examiner 

Pels, S 



CATEGORY OF CITED DOCUMENTS 



X : particularl/ relevant if laken alone 

Y : particular!/ relevant if combined with another 

document ol the saine category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patenl document, but published on, or 

after the filing dale 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same pateni family, corresponding 
dccument 



10 



EP 0 955 682 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 40 1081 



This annex lists the patent familv members relating to the patent documents cited in the above-mentioned European search report. 

The members are as contained in the European Patent Office EDP fiie on 

The European Patent Office is in no v;ay liable for these particulars which are merely given for the purpose of information. 

17-08-1999 



Patent document 
Cited in search report 


Publication 
date 


Patent family 
member{s) 


Publication 
date 


DE 2127823 


A 


30-12-1971 


FR 


2094491 A 


04-02-1972 








BE 


768376 A 


13-12-1971 








GB 


1332944 A 


10-10-1973 








LU 


63363 A 


21-03-1972 








NL 


7108611 A 


27-12-1971 








US 


3761314 A 


25-09-1973 


US 5736270 


A 


07-04-1998 


JP 


9055213 A 


25-02-1997 



^ For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



11 



